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[57] ABSTRACT 

There is produced for each location of an image sen- 
sor, such as an X, Y addressed photodiode array or a 
self-scanned charge transfer array, a signal indicative 
of the dark current amplitude at that location. During 
operation of the sensor, when a location producing ex- 
cessive dark current is read out, rather than using the 
signal stored at that location, there is instead substi- 
tuted a signal level which is the average of that stored 
in adjacent locations of the sensor. 

11 Claims, 19 Drawing Figures 
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REMOVAL OF DARK CURRENT SPIKES FROM connected between the substrate (not shown but as- 

IM AGE SENSOR OUTPUT SIGNALS sumed to be at the anode electrode of the photodiode ) 

and the source electrode 19 of an n-type metal oxide 
During recent years there has been a great deal of semiconductor (MOS) transistor 18. The drain elec- 
work in the field of image sensors such as X, Y ad- 5 trode 20 of the transistor is connected to a column con- 
dressed photodiode arrays and self-scanned charge ductor and the gate electrode 22 is connected to a row 
transfer arrays (both of the charge -coupled and the conductor. 

bucket-brigade types). One of the obstacles to the pro- The matrix 14 is connected at its column conductors 
duction of low cost sensors of these various types is to a dark current readout register 20. This register is 

"white video defects". These are locations in the array 10 connected through a fan-in tree 22 to output stages 24 

which, when read out, produce a high amplitude signal and 26. 

even though these locations may not have been photo- The column conductors are also connected to a hold- 
excited. The signals are usually known as "dark cur- ing register 28 and this holding register is connected to 
rents" since they can be produced even if the array is a video readout register 30. The latter supplies signals 
kept in the dark. As the number of locations in an array 15 to a fan-in tree 32 and the fan-in tree connects to out- 
is increased, the possibility of the white video defects put stages 34, 36 and 38. The transistors in the various 
increases correspondingly. In other words, as the arrays registers are n-type transistors. 

are made larger, and relatively large arrays such as Stage 36 connects to a unity gain amplifier 40 len- 
those having 500 X 500 locations are commercially de- gended "times 1 " in the figure. Stages 34 and 38 con- 
stable, the "yield" of all perfect location arrays goes 20 nect to summer circuit 42 which produces an output 
down and does so quite drastically. signal at lead 44, of an amplitude equal to the average 

The idea of the present invention is to use less than of that present at stages 34 and 38. Amplifier 46 re 
perfect image sensors and to thereby very substantially ceives the signal produced by one of the amplifiers 40 
reduce the cost of the sensors. This is done by produc- or 42 as discussed shortly. The one of these amplifiers 
ing signals indicative of the dark currents at the various 25 chosen is controlled by the signal produced by compar- 
locations of the array and where the dark currents are ator 48, as is also discussed shortly, 
excessive, substituting for the signal read from such lo- The terminal R and the diode-connected MOS de- 
cations a signal at a level which is related to that stored vices 49a-49d are not employed in this embodiment of 
in adjacent locations. the invention and may be ignored in the discussion of 

The invention is illustrated in the drawing of which: 30 the operation which follows. (R may be placed at the 

FIG. 1 is a block diagram illustrating one aspect of substrate potential to maintain transistors 49</-49<\ 

the invention; which are of n enhancement type, off.) 

FIG. 2 is a block and schematic circuit diagram of an In the operation of the system of FIG. 2, assume that 

embodiment of the invention; the capacitance exhibited by each photodiode or, more 

FIG. 3 is a circuit diagram of a portion of the system 35 precisely, the distributed capacitance between the 

of FIG. 2; source electrode 19 of each transistor 18 and the sub- 

FIG. 4 is a drawing of waveforms to help explain the strate, initially is charged. It also may be assumed that 

operation of the system of FIG. 2; one line time has a duration of 60 microseconds, 50 mi- 

FIG. 5 is a block diagram of another embodiment of croseconds active line time and 10 microseconds re- 

the invention; 40 trace time (as shown by way of reference by waveform 

FIG- 6 is a drawing of waveforms to help explain the "HORIZ.SYNCH" in FIG. 4). During the period of 0 

operation of another embodiment of the invention; to 20 microseconds, the electro-optic shutter is open. 

FIG. 7 is a graph showing the relationship between During this period and the corresponding period of the 

dark current and bias voltage; three previous line times, the image projected onto the 

FIG. 8 is a block diagram of another form of the in- 5 image receiving surface of the array is sensed by the 

vention; and photodiodes of the array. These photodiodes conduct 

FIGS. 9a-9k are a group of waveforms to help ex- to an extent proportional to the amount of radiation 

plain the operation of the circuit of FIG. 8. they receive and cause the distributed capacitances 

In one form of the embodiment of the invention illus- across the diodes to discharge a corresponding amount, 
trated in FIG. 2, during one period of time a radiation 30 Thus a pattern becomes stored in the array correspond- 
ing is projected onto the image sensing array and ing to the radiation pattern (the "image") projected 
during a second period of time the array is shuttered. onto the array. 

This will be discussed at greater length shortly. FIG. 1 Assume now that it is desired to read out the portion 
shows a preferred arrangement for accomplishing the $5 of this pattern stored in row 1. Referring to FIG. 4, 
shuttering action. It includes an electro-optic shutter V.^V, goes high (to +10 volts, for example) during the 
12 location in front of the image sensing array 14. In period 10 to 20 microseconds. The A transfer signal 
response to a control voltage applied to terminal 10, also goes high during this same period. As a result, the 
the electro-optic shutter may be switched between a charge stored in row 1 causes a flow of charge to the 
substantially transparent and a substantially opaque 6(J nodes P„ P 2 , p 3l p 4 of the holding register 28, and the 
condition. distributed capacitances across the photodiodes 16 of 
Referring now to FIG. 2, the image sensing array 14 row 1 become recharged to a reference level in the pro- 
is shown by way of example to comprise an X, Y ad- cess. 

dressed array of photodiodes. For purposes of illustra- At time T=20 microseconds, the electro-optic shut- 
tion, the array is shown to include four rows 1-4 and fi5 ter is closed. From the time T=20 microseconds to 

four columns W, X, Y and Z, respectively; however, in T=60 microseconds during which the shutter remains 

practice the array may be much larger than this. Each closed, the dark current in row 1 integrates, that is the 

location of the array includes a photodiode, such as 16, thermally excited carriers at each location in row 1 
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which hopefully are few in number, cause conduction to produce, when active, an output signal proportional 
through the respective photodiodes in row 1 to extents to 
proportional to numbers of carriers at said locations, to 
produce a dark current charge pattern in row 1 . Fol- 
lowing this V! goes high again and the control signal C 5 + 
goes high. This causes the transfer of the dark current 2 • 

signals from row I to anodes P.„ P 10 » Pn and P x . 2 of the 

dark current readout register 20. The actual transfer If the b signaI corresponds to location XI, then the a 
occurs during the initial portion (within a microsecond and c signals are from locations Wl and Yl respec- 
or less) of the time C goes high so that the fact that the L0 tive | Vt Amplifier 42 is active when the comparator out- 
shutter is open and light is again reaching the array dur- put \ is pre sent, that is, when the location which pro- 
ing the transfer creates no problems. (However, as an duced the b signa] had excessive dark current. Ampli- 
alternative, the transfer pulse C can be made to occur f ier 45 rec eives whichever signal is present, that is, ei- 
during the latter part of 20 to 60 microsecond interval tner b or 
so that the shutter is still closed during the transfer.) 15 
The capacitances of the photodiodes in row 1 again be- 
come charged in the charge process. Concurrently, the 

transfer pulse B occurs to transfer the contents of the — 
holding register 28 to nodes P s -P« of the video readout 2Q 

register 30. ... . and produces a video output signal corresponding 

Summarizing, at this point the row I dark current sig- \ /vt , , . t , 

. j ^ « . « 1 . - . , & thereto. (Note that while m the present example the 

nals are stored at nodes P<, to Pi a and the row 1 video . ** *n ~ a a* a **j ^ 

. . , , . ^ . n • circuits 40 and 42 produce outputs b and 

plus dark current signals are stored at nodes P S -P H . 

The signals at nodes P»-P« are then transferred, in se- 0 ^ 
quence, to the fan-in tree 32,* and after traveling 

through equal length paths in the tree appear as serially a + <" 

occurring signals at output line 51 of the tree. During 2 
the same period the dark current signals at nodes 

P^-P,* are propagated through fan-in tree 22 and ap- 30 the 6 ains of stages 40 and 42 can be a value other than 
pear as serially occurring signals at output line 53. The 1 so that * in general the outputs of these stages will be 
fan-in trees 22 and 32 are in themselves known and are n ^ an ^ n 
described in RCA Technical Note 937 by the present 
inventor, titled "Charge Transfer Image Sensor" and 

dated September 6, 1973. In brief, the horizontal scan 35 A f + 1 - \ 

voltages H M H„ cause the signals at the input nodes to \ 2 / * 

each tree sequentially to be gated to the input terminals 
of the tree, and the multiple phase voltages <f> A , <j> Jt respectively.) 

cause these signals to be transferred via equal length Summarizing the operation just described, if in form a- 

paths, to the output lead of the tree. 40 tion is read from a location in row I of the array which 

The sequential dark current signals produced by fan- produces excessive dark current, the system substitutes 
in tree 22 are transferred to stages 24 and 26 by multi- for the signal produced at that location, a signal at a 
pie phase voltages in a manner shortly to be discussed. level equal to the average of the signal read from sur- 
The output signal at stage 26 is applied to comparator rounding locations. If the information is read from a lo- 
48, which comparator also receives a threshold voltage 45 cation in row 1 of the array which produces an accept- 
at a given level (which preferably is adjustable). In the able level of dark current, the signal from that location 
event that the dark current amplitude is lower than the is used. 

threshold voltage, the comparator 48 produces no out- The operation just described for row 1 is repeated for 
put; in the event that the dark current signal is greater each following row until the entire array is read out. As 
than the threshold level, the comparator 48 produces ^0 m the case of row 1 , any location producing excessive 
an output voltage I at lead 55. dark current is not used. Instead the signal read from 

The signals from fan-in tree 32 are transferred se- adjuacent locations is averaged and used, 
quentially to stages 34, 36 and 38. At roughly the same It is important in the design of the circuit of FIG. 2 
time that a signal from a particular location such as X 1 that the control signals I and T reach the circuits 42 and 
(column X, row 1 ) reaches stage 36, the dark current 55 40 slightly before the information signals a, b and c 
from that same location reaches stage 26 and is applied have reached the input terminals of these circuits 40 
to the comparator 48. ( Actually it is desirable efifec- and 42. There are a number of ways this may be accom- 
tively slightly to delay the signal at 36 relative to that plished. One is to use circuits within blocks 40 and 42 
at 26 for reasons to be discussed shortly.) The signal b which exhibit the desired delay. Another is to use ana- 
from stage 36 is applied to amplifier 40 which, when log delay lines in series with the leads from stages 34, 
active, produces an output signal b proportional to its 36 and 38. A third method is slightly to delay the <fr A 
input signal. Amplifier 40 is active when the compara- and signals employed for the fan-in tree 32 and the 
tor output is absent, that is, when the location which output stages 34, 36 and 38 relative to the 4> A and <f> B 
produced the b signal does not have excessive dark cur- 65 signals employed for the fan-in tree 22 and the output 
rent. stages 24 and 26. If a relatively large delay is needed 

The circuit 42 receives signals from stages 34 and 38. the comparator 48 may be connected to stage 24 rather 
It may be a simple summing circuit with gain adjusted than 26. (All of the above are design expedients, the 
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one chosen depending upon the relative delays of the in FIG. 2. The same holds for the dark current holding 

paths 48, 55 and 40 (or 42).) register 20 and the video holding register 28. However, 

There are certain "end effects'* which have not yet rather than employing fan-in trees, transfer gates and 

been discussed. For example, it may be that one of the readout registers are used. 

end elements of the array such as location W, produces 5 During one portion of a line time ( 10-20 fx sec in 

excessive dark current. In this event, when the signal FIG. 4) the signals indicative of signal and dark current 

read from that location is in output stage 36, the signal are transferred from the photosensitive array to the 

from location XI will be at stage 34 but stage 38 can video holding register 28. The signal T a is employed to 

be empty. In a large array, say one having 500 elements effect the transfer. During a following period ( 20-60 ft 

per line, this problem may be dealt with simply by not 10 see) of the same line time, the photosensitive array is 

using the first and 500th elements for supplying infor- shuttered in the manner already discussed. At the end 

mation to a display ( not shown ) such as a television re- of mis period, that is, after a suitable dark current inte- 

ceiver. These are used instead simply to deal with the gration timei ^ signal Tft causes me dark currents 

end effects. As a second alternative, logic stages more from ^ row of interest to transfer to the dark currem 

complicated than those dealt with here can be used for 15 holding register 20 . Tfi may occur for exa mple in the 

sensing the condition that an end element is producing 60 _, 0 ^ sec 7^^^ the contro j volta Tr 

excessive dark current and in response thereto for sim- applied to the transfer tes 60 and 62 causes the rig. 

ply substituting for the b information the information nals stored in registers 2Q and 2g> respective , Vi to tran t 

present at c rather than fcr tQ the readout registers 54 and 66> respectively. 

20 Thereafter, the multiple phase voltages <f> A and ap- 
plied to the readout registers cause their contents to 

a + < transfer to the output stages 24 and 26, in one case, and 

2 34, 36 and 38 in the second case. The remainder of the 

circuit operates in the same general way as in the FIG. 

or for inserting the c information in both stages 34 and 25 2 circuit. The selection of b or 
38 so that amplifier 42, produces an output 



30 



~. . . . . . , is shown to occur within selector circuit 67 and may be 

The assumption is made in the discussion above that ~~~„^h 0 u~a k„ i~ r\ 1 • 

. , . , accomplished by simple circuits. One examp e, is to 

the white video defects occur singly and in somewhat *. m «i™ t^>«™ JL ♦ r . c K , 

M „ A f , : u . . ,. . f - . . employ dual transmission gates formed of complemen- 

random fashion. It is believed that this is a reasonable to „, Kyfr ^c u j 1 * • 

... ! . , l. * - 35 tary MOS transistors; one such dua gate is in series 

assumption compatible with what occurs m the manu- t . rtlltwlf lanA V • *♦ ^ *u J . 

r • r 1 . ^- u * Wltn tne output lead of circuit 40 and another dua gate 

factu re of electron discharge type image receiving de- ■ 7L *u * * 1 j * • ■ ^ , 

. ... « ? 1 • 1 it . • L ,n series with the output ead of circuit 42 these gates 

vices such as vidicons and the like. However, again with u . . „ , , T . , T ^ , 3 

, , . it _ *■ , . \° being controlled by the signals land I. 

more complex logic than discussed above, the present . . _ B ™ ' » , . 

« ♦ • n u • . \ - K In the circuit of FIG. 5 as in FIG. 2, the contro s e- 

arrangement still may be used to compensate for white , » . T - 1 V fi 
- . . o + , . , ■ 1 * * i_i 40 nals, corresponding to I and I of FIG. 2 should be Dres- 

video defects which occur in clusters of reasonably , ,. u , T . & , . . , , HICI> 

n ■ c ■ . , * . . J ent slightly before the signals b and 

small size. For example, the logic may be such as to B 

sense for the presence of excessive dark current in two 

or three adjacent locations and in response thereto to 

substitute the average signal read from good location 45 " + r 

reasonably close to those producing excessive dark cur- - 
rent. 

FIG. 3 illustrates by way of example a stage such as are a PP"ed to the selector circuit. The means for ac- 

38 of FIG. 2. (This is only one of a number of possible complishing this already have been discussed, 
alternatives; others include CCD register stages and 5Q Tne waveforms of FIG. 6 illustrate a way of operating 

other forms of transistor register stages). This is a cir- tne system of FIG. 2 (or of FIG. 5) without the use of 

cuit for removing serrations from the video signal. The a snu *ter. Here, what is done, is to apply to the reset 

pulse <f> H causes the video signal present at node P. v to terminal R, immediately after the transfer of video plus 

be supplied via source follower 31 to the video output dark current information to holding register 28 (FIG. 
terminal during one-half period of the clock pulse <f> H 55 2 >* a relatively high amplitude pulse. For example, a 

(when d> H is positive). <f> A causes the signal present at snor t duration 15 volt pulse may be employed. This 

node P v to be transmitted via source follower 33 to the short duration pulse occurs during the first pulse V v 

video output terminal during the second half period of ( 1 0-25 fx sec) (after the photogenerated plus dark cur- 

the clock pulse when <f> A is positive. A more detailed rent signals have been read out) of the two V A pulses 
discussion of this circuit appears in U.S. Pat. No. 6Q employed for selecting each row. The effect of this R 

3,746,883 issued July 1 7, 1 973 to the present inventor. pulse is to charge the capacitor (the photodiode capac- 

Stages 34 and 36 each include, except for transistor 35, itance) connected to the source electrode to a rela- 

the same elements as shown in FIG. 3. Transistor 35 is tively high voltage level (approximately 15 volts) so 

a terminating element operating as a load resistor and that upon removal of the pulse R, the charged capaci- 
is included only in the final stages such as 38 and 26 of 65 tor maintains the photodiodes in the row selected back 

FIG * 2 - biased to this relatively higher voltage (in the previous 

In the form of the invention shown in FIG. 5, the pho- circuits the diodes are operated at 10 volts rather than 

tosensitive array 14 may be of the same type as shown 15 volts). 
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As illustrated in FIG. 7, the relatively high back bias spikes. If 0. 1 ( 10%) is too close a figure, it may be nec- 

accentuates the effect of the dark current (legended essary to go up to 15 or 20%. 

"thermally generated charge level") and does this pref- The operation of the circuit of FIG. 8 is depicted in 

erentially relative to the desired signal. At the relatively FIG. 9. FIGS. 9a-9e show the spatial distribution of 

high bias level, the curve B represents the dark current 5 charge in register 100 during successive intervals of 

accentuation and the curve A represents the photo in- time t t1 -U- FIGS 9/-9y show the level of the video output 

duced signal accentuation. Note that the B level in- signal produced during these intervals r^-i- FIG. 9A* 

creases very markedly while the A level is hardly af- shows the composite video output (with the dark cur- 

fected. rent spike removed). 

In other respects, the operation of the system is the 1° What is claimed is: 

same as in the shuttered embodiments. During one in- 1. A circuit for processing the signals produced by an 

terval of time, the signal plus dark current information image sensor in response to photoex citation of the 

is read out of the array 14 and into the holding register. image receiving locations of said sensor comprising, in 

Upon the termination of this readout, the dark current combination: 

accentuating pulse R is applied. Thereafter, the dark 15 means for producing for each location of the image 

current is permitted to integrate (time period 25 to 60 sensor, a control signal indicative of the amplitude 

microseconds in FIG. 6). Thereafter (time period 60 to of the dark current at that location; and 

10 microseconds) the integrated dark current is trans- means responsive to the control signal indicative of 

ferred to the dark current readout register 20. dark current at a location and the signals, hereinaf- 

A final form of the invention is illustrated in FIG. 8. ter termed "information" signals, produced at ad- 

Thc signal from an array of any kind, either one of the jacent locations when exposed to photo-excitation, 

solid state type such as has been discussed or any other for substituting for the information signal produced 

kind of image sensing camera such as a vidicon, for ex- at a location having a dark current component 

ample, is applied, in serial fashion, to the register 100. 25 which exceeds a given threshold level a second sig- 

The stages N-2, N-l and so on of the register can be nal of an amplitude related to that of the informa- 

similar to the stage shown in FIG. 3, with stage N+2 tion signals present in said adjacent locations, 

having all the elements of FIG. 3 and the previous 2. A circuit as set forth in claim 1 in which said means 

stages having all of the elements except the transistor for producing a control signal indicative of dark cur- 

30 rent comprises means for operating the sensor in the 

In operation, when a signal reaches stage b % it is ap- dark for a given interval of time to produce at each lo- 

plied to the threshold voltage generator (an amplifier cation a dark current signal. 

with a gain of less than 1 ). This threshold voltage gen- 3. A circuit as set forth in claim 2 wherein said means 
erator produces an output signal b/{ 1-ftf), where a is for producing a control signal indicative of dark cur- 
some fraction such as 0.10. This signal is applied to 35 rent comprises a shutter in the path of the radiation 
comparators 104 and 106. The comparators compare creating said photo-excitation and means for periodi- 
this signal with the signals C and A, respectively, pres- cally closing said shutter. 

ent in the preceeding and succeeding stages. If the sig- 4. A circuit as set forth in claim 3 wherein said shut- 
nals b s* ( I-fa)c\ then the comparator 104 applies an ter comprises an electro-optic shutter, 
output representing the binary digit (bit) 1 to AND 40 5. A circuit as set forth in claim 1 wherein the means 
gate 108. Similarly if b 3* ( I-hcr )a, comparator 106 ap- for producing a control signal indicative of the ampli- 
fies a I to AND gate 108. If both signals are present, tude of the dark current comprises means for compar- 
the AND gate produces an output which it applies as ing the amplitude of the information signal produced at 
an enabling signal to summer 42 and if either signal is each location with the amplitude of the information sig- 
absent, the inverter 110 applies an enabling signal to 45 nals produced at the locations on each side thereof, and 
amplifier 40. when the difference between them, in both cases, is 
In brief what the circuit of FIG. 8 does is to sense the greater in a given sense than a given amount, producing 
signal level at point b. Assume that a is a number such a signal to so indicate. 

as 0. 1 . If b is greater than 1 . 1 times c and is greater than 6. A circuit as set forth in claim 1 wherein said image 

1 . 1 times a, then it is assumed that the signal present at 50 sensor comprises an array which includes locations ar- 

b includes a dark current spike. In this event, the b sig- ranged in columns and rows and wherein the means for 

nal is not passed to the video output terminal. Instead producing a control signal indicative of dark current 

the circuit averages the signals c¥a and applies this av- comprises means for permitting the sensor to accumu- 

erage signal to the video output terminal. late signals in the dark for a given interval of time; 

An advantage of the circuit of FIG. 8 is that it is suit- 55 means for removing these dark current signals from the 
able for all kinds of image sensing arrays. A second ad- sensor a row at a time; and means for comparing the re- 
vantage is that no shuttering is needed nor is it neces- moved signals, one at a time, with a threshold level for 
sary directly to sense the dark current amplitude. An- ascertaining which of the removed signals exceed said 
other feature of this circuit is that it will discriminate threshold level. 

against any kind of noise, whether due to dark current 60 7. A circuit as set forth in claim 6, wherein said 

or to some other cause. However, care must be taken means for substituting comprises circuit means recep- 

to choose a proper volue of a. If not, then, for example, tive of two signals, proportional to an information sig- 

a checkerboard pattern will be completely eliminated. nal taken from a location adjacent to and on one side 

In other words, one must choose a rejection level that 65 of a particular location exhibiting dark current of 

still permits a reasonable change in amplitude of signal greater than a given value and the second proportional 

derived from adjacent locations without discriminating to an information signal taken from a location adjacent 

against these signals but which still eliminates noise to and on the other side of said particular location, for 
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producing an output signal proportional to the average 
value of said two information signals. 

8. A circuit as set forth in claim 1 wherein said image 
sensor comprises a photodiode array, and wherein said 
means for producing a control signal indicative of dark 5 
current comprises means for charging a row of said 
photodiodes, during one portion of a line time, to a 
back bias voltage level such as to enhance the produc- 
tion of dark current relative to production of photoex- 
cited current and, means for reading from said row of 10 
photodiodes the dark currents stored therein, after a 
given dark current integration time still within said line 
time and during which said array is exposed to said 
photoexcitation. 

9. A circuit for processing the signals produced by an 15 
image sensing array in response to photo-excitation of 
said array comprising, in combination: 

means for exposing said array to said image to pro- 
duce a charge pattern corresponding to said image; 
first and second storage means; 20 
means for transferring at least a portion of the charge 
pattern stored in said array to said first storage 
means; 

means for obtaining a charge pattern of the dark car- 



nal indicative of dark current amplitude; 
an output terminal; and 

means for sequentially reading the contents of said 
first storage means concurrently with the readout 
of said second storage means and responsive to said 
control signal for applying the signals read from 
said first storage means to said output terminal in 
response to a value of said control signal indicative 
of dark current of lower than a given level and for 
applying a second signal having a value close to 
that of adjacent signals read from said first storage 
means to said output terminal, in response to a sec- 
ond value of said control signal indicative of dark 
current of greater than a given level. 

10. A circuit as set forth in claim 9 wherein said 
means for obtaining a charge pattern of dark currents 
comprises means for maintaining at least said region of 
the array in the dark for a given interval of time. 

11. A circuit as set forth in claim 9 wherein said 
means for obtaining a charge pattern of dark currents 
comprises a plurality of switches, one at each location 
in said region, means for concurrently closing the 
switches in said region and applying through each 



rents produced in the same region of said array 25 c ^ ose ^ switch a voltage to charge the image sensing 
from which said charge pattern is transferred; means at each location to a level at which the dark cur- 

means for transferring said charge pattern of dark rent production is enhanced many times more than the 
currents from said same region of said array to said photoexcitation current and then opening said 
second storage means; switches, and means for then permitting the dark cur- 

means for sequentially reading the contents of said 30 rent to integrate for a given interval of time, 
second storage means for producing a control sig- * * * * * 
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